Abstract
Furthermore, our results show the occurrence of more stable foam-water fronts as foam 34 quality decreases. Besides, the complexity of oil displacement by foam as well as its 35 destabilizing effects on foam displacement has been discussed. Our results extend the 36 physical understanding of foam-assisted liquid displacement in Hele-Shaw cell which is a 37 step to required to understanding the foam flow behaviour in more complex systems such as 38 porous media.
Introduction

44
Foams demonstrate great potential for displacing liquid in porous media which is relevant to 45 a variety of processes such as the Enhanced Oil Recovery (EOR) or soil remediation 46 practices. The underlying reason behind the application of foam in these processes is its 47 ability to reduce significantly the mobility of gas in porous media [1] [2] [3] [4] . For example, hydrocarbons. However, the overall sweep efficiency is still considerably low due to the poor 52 gas contact with the oil in the reservoir [9, 10] . This effect is attributed to gravity override and 53 viscous fingering associated respectively with the density and viscosity contrast between the 54 injected gas and the reservoir fluids [6, 11] .The presence of heterogeneity in reservoirs further 55 aggravates these defects by channelling; whereby the injected gas preferentially flows 56 through the high permeability streaks of the reservoir leaving much of the oil behind [12, 13] .
57
The cumulative effect of these challenges may result in a premature gas breakthrough,
58
thereby rendering the utilization of gas ineffective. 
Mobility decreases as foam quality increase (viscometer).
Foam mobility decreased as quality decreased in porous medium (viscosity measured from effluent flow rate).
Marsden et al. concentration and also the foam generation and coalescence mechanism, adding to the 126 complexity of the relationship between texture and foam apparent viscosity [29, 34, 35] .
127
Motivated by the important application of foam in EOR as well as remediation practices, the 
Experimental considerations
139
The apparent viscosity of foam and the displacement dynamics were quantified in a 2D Hele- under the Hele-Shaw cell to enhance the illumination and the quality of the recorded images.
178
We conducted four different experiments in this study. First, the effect of foam quality on the repeated several times (at least three times) to ensure repeatability.
198
We used Image J (image processing software) to analyse the recorded images and delineate 199 the dynamics of the process. The grey-scale images were segmented into black and white. 
268
Also it can be noticed from Figure 5 the bubbles and the confining plates, subsequently influencing the apparent viscosity.
274
We conclude that the apparent viscosity of foam depends on the foam quality such that the 
Effects of foam flow rate on the apparent viscosity
284
We investigated the effect of foam flow rate on the apparent viscosity. To do so, the foam shows that for the same foam quality, the apparent viscosity increases as the bubble size 319 decreases as previously discussed in section 3.1. 
341
It must be clarified here that, the total volume flow rate in the case of the foams (gas plus 342 surfactant solution) is slightly higher than the flow of air alone. According to our results, the 343 mobility of gas was noticeably reduced by the presence of surfactant solution (i.e. when it is 344 foamed). The gas flow rate is 10 ml/min in all the cases presented in Figure 8 . 
Efficiency of foam flooding as influenced by foam quality
351
In this section, we discuss the displacement efficiency as a function of the foam quality. 
366
The total liquid volume represents the cumulative volume of surfactant solution used to displace water. The
367
higher the foam quality, the more efficient the displacement process as less surfactant solution is used in the 368 displacement process. and borders generated when the gas fraction is high. The thicker films are able to supress the 387 penetration of oil into the gas-liquid interface of the foams. In addition, the thicker borders 
